This report presents a method for estimating the net flow through the gaps of offshore segmented breakwaters caused by wave overtopping of the breakwaters. The method was developed so that either monochromatic or irregular waves can be specified.
HYDRAULICS OF DETACHED BREAKWATERS
Since the cost of a breakwater increases with the height of the structure, it may be necessary to build the structure to allow some wave overtopping ( A moderate overtopping rate, which helps maintain water quality by encouraging circulation, may also be desirable. If the breakwater is impermeable the volumetric rate of overtopping per unit length by breakwater, q Q (assuming no return flow over the breakwater), may be predicted (Weggel, 1976 Sample values of the empirical coefficients for an impermeable riprap structure with a 1 on 1.5 seaward slope are shown in Figure 2 .
A first approximation of the wave runup on rubble-mound breakwaters may be estimated using the equation of Ahrens and McCartney (1975) : R = t™W; 5 = -NF^ ( 2) (1 + b£)ŵ here L Q is deepwater wavelength, and 6 is the slope angle of the seaward face of the breakwater; the empirical coefficients a = 0.692 and b = 0.504 are recommended. Note. -Other methods for estimating runup on various structures may be found in the SPM (U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 1977) and Stoa (1979) .
Equations (1) and (2) were developed using monochromatic wave tests, so they should be used for swell wave conditions where the wave height and period from one wave to the next is approximately constant . The method of Ahrens (1977) for modifying equations (1) and (2) If the breakwater system is enclosed on either end by impermeable groins and the breakwater has no gaps, water overtopping the breakwater would cause the water level landward of the breakwater, h^, to rise. Eventually, the zone landward of the breakwater would fill up to a ponding level where the seaward flow of water over the breakwater would equal inflow and the net flow, q n , would be zero. Diskin, Vajda, and Amir (1970) at various water depths, wave heights, and wave periods and found that the ponding level (Fig. 3 Note that the laboratory tests used to develop equation C2) show some ponding for high breakwaters not overtopped and submerged breakwaters. This ponding occurs because the breakwater reduces the wave height landward of the structure and the change in wave height causes wave setup (Longuet-Higgins, 1967) .
Overtopping tests by Diskin, Vajda, and Amir (1970) show that the net overtopping rate, q n , for breakwaters may be estimated from Offshore Breakwaters with Gaps.
Overtopping of breakwaters causes a buildup of water in the zone landward of the structure.
If there are gaps between the breakwaters and the breakwaters are not connected to shore, the buildup of water landward of the breakwaters causes flow through the openings (Fig. 4) . One method of estimating the exit flow through breakwater gaps or inlets is to use a combined continuity-energy equation for discharge. Note that in this first approximation of breakwater gap flow that the waves are assumed to approach approximately normal to the breakwaters and shoreline, so the longshore current can be neglected. Other effects such as diffraction, refraction, reflection, and wave-current interactions have not been considered.
If incident wave conditions do not vary rapidly with time, a condition will be reached where water flowing into the zone protected by the breakwaters will equal the exit flow through breakwater gaps or inlets. The equation describing this condition is % \! -F7 m = V^i^b (C d Bd s (N -1) + 2C de A ce ) (6) where N is the number of breakwaters, A ce is the cross-sectional flow area between the breakwaters and shoreline at the end of the system, and B is the gap width between breakwaters (Fig. 4) . Solving equation (6) q *N Figure 5 , which gives the relation between dimensionless velocity and K, shows that any combination of factors causing K to increase will produce a smaller dimensionless velocity. For example, keeping all other factors constant, if the gap spacing B is increased, K will increase and V" will be reduced.
K and the resulting velocity may be easily solved using equation (7) and Figure 5 . The computer program BWFL0W2 can also be used to solve the velocity and flow through breakwater gaps due to overtopping. This program is recommended if a large number of calculations are needed. The program is also suggested any time irregular wave conditions are assumed, because irregular wave overtopping rates are a complex function of the overtopping rate given by equation (1). The cost of running BWFL0W2 is a few cents per condition of interest.
It is recommended that V" be kept below 0.5 foot (0.15 meter) per second for extreme design conditions. Velocities much higher than this value could transport significant amounts of sediment out of the breakwater system and may cause scour around the breakwaters. Recall that V is an average velocity through the gap and that local velocities in breakwater vicinity may be considerably higher. 
EXAMPLE PROBLEMS
Example problems are presented to illustrate the steps required for manual or computer computation. The examples indicate the relative importance of the breakwater design variables on the magnitude of V. *************** EXAMPLE PROBLEM 1*************** The breakwater freeboard is F = h -d s = 13 -12 = 1.0 foot.
The overtopping rate, q , given by equation (1) From equation (7") V64.4 3.36 [0.8(125) 12 ( *************** EXAMPLE PROBLEM 2*************** Figure 7 shows that an increase in breakwater freeboard or gap to length ratio causes V to decrease. An increase in incident wave height and in wave period produces an increase in V as expected (Figs. 8 and 9) . Shore attachment with impermeable walls forces more flow through breakwater gaps than for a detached system (Fig. 10) . The most dramatic effect of shor e attachment occurs for relatively_small breakwater gaps.
*************************************** IV.
SUMMARY AND CONCLUSIONS
A method is presented for estimating the first approximation of the water velocity and flow rate through breakwater gaps caused by wave overtopping. Calculations can be performed either by hand, using a dimensionless curve, or by a computer program, BWFL0W2, available in the Corps of Engineers Computer Library. Examples of both calculation methods are given to illustrate the relative influence of various design parameters on the magnitude of the gap velocity, V. It is suggested that V not exceed 0.5 foot per second. High values of T may produce scour around structures and transport sediment out of the zone protected by the breakwaters. 
